Abstract-Copolymers of benzidine and o-phenylenediamine/kaolinite clay composites with different percentages of kaolinite clay particles were synthesized via in situ oxidative copolymerization. The spectral characteristics upon incorporation of o-phenylenediamine units into the polybenzidine backbone in presence of kaolinite clay were investigated by means of UV-Vis and FTIR spectroscopy. The copolymer in the absence and in the presence of kaolinite clay was studied by thermal gravimetric analysis under non-oxidative conditions. The morphology of the copolymer kaolinite composites system was investigated by the scanning electron microscopy.
INTRODUCTION
The earliest composite materials are created to form bricks out of mud and straw for building constructions. Modern composites involve mainly the incorporation of micro and nanoscale filler, and the construction of particular structure by imitating of nature to create new or improved known material properties [1] . The characteristics of the generated composites are completely different as compared to those of the individual components.
In the last decades, more interest in polymer/clay nanocomposites (PCN) arena has been widely increasing in both academia and in industry, owing to their enhanced physical and chemical properties compared to conventionally bare polymers. These PCNs are considered as low-cost alternative to high-performance composites for commercial uses in both the packaging and automotive industries. The target aim of the addition of clay minerals to the polymers is to improve the polymer properties and to produce the polymer/clay nanocomposites with demand characteristics or desired applications. Clays can provide dramatic and adjustable improved properties at very lower loadings due to their low price, availability, high aspect ratio as well as desirable nanostructure and interfacial interactions, which help maintaining polymer original beneficial properties. The earliest trials for the production of nanoparticles have been stimulated by the Toyota scientific research group, where the practical usage of nylon-6-montmorillonite nanocomposite has been commercialized [2] [3] [4] . Only few hydrophilic polymers have been found to be miscible with clay nanolayers, for example poly(ethylene oxide) and poly(vinyl alcohol) [5] . The final properties of polymer/clay nanocomposite are affected by the nature and properties of components as well as preparation methodology and conditions [6] [7] [8] [9] [10] [11] . The main target is to overcome the drawbacks of polymer characterization while remaining the intrinsic advantages of primary polymer matrix.
Two famous methodologies, the chemical or the electrochemical oxidation of phenylenediamines yields the analogous poly(phenylenediamines) and their potential application for water decontamination [12] [13] [14] [15] . The selection of the benzidine and o-phenylenediamine monomers for polymerization is to form the corresponding potential poly(benzidine-co-ophenylenediamine) emeraldine base which, obviously, comprise of a particular quantity of the surface amino groups, supporting the binding of organic units that have acidic features with the composite surface [13, 16] . For example, thyrosine, tryptophan, phenylalanine, and doxorubicin have been revealed that the nanoparticles are promising as drug carriers [13, 16] or antibacterial reagents [17, 18] .
Still, there are tremendous needs for new materials either for solving human health problems or for assisting in overcoming environmental challenges. There- 1 The article is published in the original.
COMPOSITES
fore, we are planning to produce new materials to the market, which is a benefit practical target.The current study debates and assesses the synthesis of poly(benzidine-co-o-phenylenediamine) emeraldine base/kaolinite clay composite via in situ chemical oxidative copolymerization.
EXPERIMENTAL

Materials
All reagents were used without any further purification. Benzidine, o-phenylenediamine and N,Ndimethylformamide (DMF) were purchased from Aldrich. Potassium dichromate was gained from Merck. Ammonia solution (33% NH 4 OH) and hydrochloric acid were acquired from ADWIC. Lastly, kaolinite was obtained from Morgan Chemical Industry (kaolin colloid powder, lead (Pb) = approx. 0.001%, Loss on ignition = approx. 15%). The utilized kaolinite has a batch number 1097/6 with maximum limits of impurities).
Synthesis of Poly(benzidine-co-o-phenylenediamine) Emeraldine Base and its Kaolinite Composites
The poly(benzidine-co-o-phenylenediamine) emeraldine base was synthesized by an in situ chemical oxidative copolymerization of benzidine and o-phenylenediamine. Benzidine and o-phenylenediamine (2.76 g (15 mmol) benzidine and 2.70 g (25 mmol) o-phenylenediamine) were dissolved in 15 mL of concentrated HCl at room temperature under magnetic stirrer at 900 rpm. Thereafter, 50 mL of 0.12 M potassium dichromate (initiator) was slowly added into the reaction medium during 30 min under the above conditions. Then, the reaction solution was kept for overnight at room temperature in order to complete the copolymerization reaction. Ammonia solution (30 mL of 33% NH 4 OH diluted by 30 mL distilled water) was added drop wisely until a dark brown precipitate was formed which was collected by filtration using a Büch-ner funnel. The obtained emeraldine base was washed several times with sufficient amount of deionized water followed by ethanol to remove monomer, oligomer and excess oxidant until the filtrate became almost colorless and oven dried at 85°C for overnight. The dark brown dried powder affords desired copolymer P1 with the yield of 73%.
The composite was synthesized by an in situ chemical oxidative copolymerization of benzidine and o-phenylenediamine in the presence of different amount of kaolinite clay. Into 250 mL beaker, 2.76 g, 15 mmol benzidine and 2.70 g, 25 mmol o-phenylenediamine were added followed by 15 mL of concentrated HCl under stirring for few minutes. Then, distilled water was added until the mixture dissolved. Afterwards, the calculated amounts of kaolinite clay (0.55, 1.09, 1.64, and 2.73 g or 10, 20, 30, and 50 wt %) were suspended in 20−30 mL distilled water, respectively under magnetic stirrer. Then, the suspended system was gradually added to the reactor with stirring at room temperature. Simultaneously, 50 mL of 0.12 M potassium dichromate (initiator) was slowly added into the reaction medium during 30 min under the above conditions. Then, the reaction solution was kept for overnight at room temperature in order to complete the copolymerization reaction. Ammonia solution (30 mL of 33% NH 4 OH diluted by 30 mL distilled water) was added drop wisely until a dark brown precipitate was formed, which was collected by filtration using a Büchner funnel. The obtained precipitates were washed several times with sufficient amount of deionized water followed by ethanol to remove monomer, oligomer and excess of oxidant until the filtrate became almost colorless and the product was dried at 85°C for overnight. The dark brown dried powder affords poly(PBZ-co-o-PDA) emeraldine base/kaolinite composites (PK2, PK3, PK4, and PK5), respectively. The yield of the composites was 82.3, 88.4, 94.9 , and 96.1%, respectively.
Characterization
The FTIR spectra were recorded using FTIR Spectrometer (Spectrum RX 1, USA). The samples were prepared in the pellet form by mixing the polymer or composite with KBr by the ratio 1 : 10 and pressing it in the Perkin Elmer hydraulic device using 15 tons pressure.
UV-Vis spectra were recorded in DMF in the range of 200−800 nm. All the UV-Vis measurements were performed using a Shimadzu PC3101 spectrophotometer, under computer control.
The thermal characteristics were studied by TGA, Q50, TA Instruments, USA. Experiments were carried out under N 2 atmosphere from 30 to 800°C at a heating rate of 20 grad/min.
The morphological study was carried out via scanning electron microscopy using an SEM (JEOL JSM-6510 LV, USA) with magnification power of up to 3 × 10 5 times at Mansoura University, Mansoura, Egypt. All samples were coated with gold prior to testing.
RESULTS AND DISCUSSION
All the copolymers were synthesized with 3 : 5 molar quantities of the monomers, which was chosen to suppress the possibility of the formation of oligomers and /or end-capped copolymers. Known that, firstly, two moles of o-phenylenediamine form phenazine-2,3-diamine which polymerizes with benzidine. Consequently, high molecular weight copolymer could be achieved. By increasing the concentrations of kaolinite feeding, the originated yield of composite was enhanced. These findings are in a good agreement with our former study [10] . The kaolinite
